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ABSTRACT. Field collected, first generation female Aedes cantator were shown to produce heteroge-
neous eggs that exhibit variable hatch in response to serial inundations and cold conditioning in the
laboratory. Nearly 85% of the egg batches exhibited some hatch with the first flooding, representing
69.47o of the total overall hatch. However, 56% of the same egg batches displayed further hatch with
subsequent floodings and34% showed partial hatch before and after cold conditioning. The significance
ofthese findings is discussed in relation to the biology of Ae. cantator.
Opnnerrouer- AND ScTENTIFIc NorES 727
Partial hatch of viable mosquito eggs in re-
sponse to suitable stimuli from one inundation
to the next is commonly referred to as "install-
ment hatching" (Gillett 1955a, Mallack et al.
1964, Breeland and Pickard 1967). It is a repro-
ductive strategy that has obvious advantages for
Iong-term survival of species that develop in
temporary bodies of water that are subject to
irregular fluctuations. The phenomenon appears
to be prevalent among multivoltine floodwater
species of Aedes and, Psorophnro which have
facultative egg diapause (e.g., Aedes uexans
(Meigen) and, Psorophora confinnis (Lynch Ar-
ribalzaga)) (Gjullin et al. 1950, Travis 1953,
Mallack et al. 1964, Breeland et al. 1965, Moore
and Bickley 1966, Breeland and Pickard 1967,
Woodard et al. 1968, Wilson and Horsfall 1970,
Becker 1989) and has also been observed in
Aedes aegypti (Linn.) and Aedes africanus
(Theobald) (Gillett 1955a, 1955b).
Although installment hatching is widespread,
hatching behavior varies greatly among species.
For example, Travis (1953) has shown when eggs
of Aedes sollicitans (Walker), Aedes taeniorhyn-
chus (Wied.), and Ps. confinnis are repeatedly
flooded and dried, they continue to hatch
through the third, fifth and seventh floodings,
respectively. However, most eggs of Ae. sollici-
tans (62.8%) will hatch with the first flooding
whereas the greatest percentage of Ae. taenior-
hynchus (84.3Vo) and Ps. confinnis (71,.4%) eees
will not hatch until the third flooding.
Variation in hatching response can also occur
within populations of the same species and
among eggs laid by the same female (Gillett
1955a, 1955b; Moore and Bickley 1966; Becker
1989). This variation is believed to have an
inherited basis that is determined by factors
contributed by both parents (Gillett 1955b).
While conducting a study on vertical trans-
mission of a microsporidian parasite, Amb\tos-
pora connecticus Andreadis, in the brown salt-
marsh mosquito, Aedes cantator (Coq.), it be-
came necessary to obtain individual egg batches
from wild caught females and subject these eggs
to alternating periods of flooding and drying.
During the course of this study, distinct patterns
of installment hatching were observed in unin-
fected egg batches. These observations are re-
ported herein and discussed in relation to the
biology of Ae. cantator.
Host-seeking females of Ae. cantator were col-
Iected from June 8 through July 12,1988, at 2
coastal salt marsh habitats in Guilford and Mil-
ford, CT. These adults represented the first
brood of the year that hatched in early March
and began emerging in mid-May. Females were
transported to the laboratory and allowed to
collectively blood-feed on restrained guinea pigs.
Engorged females were individually isolated in
t5 x 2.5 x 2.5 cm screened cages and these were
placed on wet paper toweling that offered a
gradient of moisture for oviposition. Females
were supplied with a 10% sucrose solution and
held at room temperatve (22-24"C,70% P"}J)
under a natural photoperiod. Oviposition was
typically scattered, and the majority of females
laid eggs over a 5-7 day period. No attempt was
made to offer females a second blood-meal as
most died shortly after oviposition. Therefore,
each egg batch represented the total egg produc-
tion from a single female. Eggs from each female
were collected daily, counted and transferred to
individual 30 ml plastic cups lined with moist
filter paper. These eggs were kept moist and
held at room temperature (22-24"C) under nat-
ural photoperiod (15-14 h light) for 3-4 weeks.
Eggs were inundated with 0.3% nutrient broth
and larvae hatching from each batch were
counted and removed. The hatching medium
was withdrawn after 48 h and eggs were thor-
oughly rinsed in distilled water. Eggs were then
transferred to new containers and maintained
as described previously until the next flooding.
Each egg batch was inundated for a second time
on September 1. This date was 3-6 weeks after
the first flooding, depending on the egg batch.
Eggs and larvae were handled similarly and
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Fig. 1. Hatching response of Aed.es cantator egg
batches with repeated flooding and cold conditioning.
flooded for a third time on October 3. These
dates were selected to coincide with natural
flooding of the salt marsh habitat. Eggs were
then held in the dark on moist filter paper for 5
months at 4'C to simulate winter conditions.
Cold conditioned eggs were brought to room
temperature and immediately flooded for the
last time on March 2, 1989. Records were kept
on the number of larvae hatching from each egg
batch on each occasion.
Egg production ranged ftom 342 to 14 eggs
per female (batch) and averaged (+ SE) 122.0 +
6.5 (n: 132). Nearly 85% of these egg batches
exhibited some hatch in response to the first
inundation in July/August (Fig. 1). The mean
(+ SE) number of larvae hatching from each egg
batch was 24.6 + 2.9 and this represented 69.4%
(77: 2,937) of the total overall hatch. Less than
halt (a7.7%) of the egg batches showed some
hatch with the second flooding in September,
and the mean number of larvae hatching was
8.8 + 2.6. Very few eggs hatched with the third
inundation in October. A total of 6 larvae from
6 egg batches, representin1 0.1% of the total
hatch was observed.
Almost halt @3.9%) of the egg batches dis-
played some hatch following cold conditioning
for 5 months at 4"C. The average number of
lawae/egg batch was Il.2 + 2.1 and this ac-
counted for 16.4% ofthe total overall hatch. Of
the 58 egg batches that hatched in March, 45
(77.6%) of these exhibited some hatch with prior
flooding whereas 13 (22.4%) did not. Overall,
installment hatching was observed in more than
halt (56.1%) of the 132 egg batches and roughly
one third (34.17o) of these egg batches showed
partial hatch both before and after cold condi-
tioning.
Aedes cantator exhibits variable egg hatch in
response to serial inundations. Moreover, this
behavior appears to primarily result from the
production of heterogeneous eggs within a par-
ticular batch. This conclusion is based on the
observation that although most females of the
first generation lay eggs that hatch readily with
the first flooding, they also produce others in
the same batch that require a second inundation
or cold conditioning. This difference in egg
hatching represents an important survival strat-
egy fot Ae. cantatorbecause this mosquito breeds
in an unstable environment that is subject to
periodic drying and irregular fluctuations. Typ-
ical breeding sites, for example, are located on
the upland regions of the salt marsh that are
not usually replenished by daily high tides(Means 1979). As a result, pools can drain rap-
idly especially if the marsh is ditched, as most
are in the Northeast. In the spring, these sites
become heavily flooded following the annual
spring tide in March, and with normal rainfall,
will usually remain flooded for 9-10 weeks. This
extended period of flooding affords ample op-
portunity for most larvae of the first generation
to complete their development. However, in the
mid-summer (July-September), these sites be-
come partially flooded with monthly high tides
and with warmer weather and less rainfall, can
quickly dry up (within 1-2 weeks), often before
larvae of subsequent broods can complete their
development (Andreadis 1990).
Similar observations have been reported for
Ae. taeniorhynchus, where installment hatching
was attributed to the slow response of a few eggs
in most batches as well as a few homogeneous
batches (<107o), all of which enter diapause
(Moore and Bickley 1966). In the present study,
a similarly low percentage (9.87o) of Ae. cantator
females produced egg batches that required cold
conditioning before any eggs would hatch. This
observation contrasts sharply with Ae. sollici-
forus, which is reported to readily respond to
weak hatching stimuli with a single inundation
and produce few diapausing eggs under similar
conditions (i.e., long photoperiods) (Travis 1953,
Mallack et al. 1964).
It is recognized that the photoperiod and tem-
perature conditions under which juvenile and
adult female aedine mosquitoes are subjected to
in the maternal generation can have a profound
affect on the induction of egg diapause in the
following generation (see Danks 1987 for re-
view). Therefore, it is important to emphasize
that the present study was conducted with eggs
oviposited by first generation Ae. cantator and
that the hatching response of eggs produced in
subsequent broods of this multivoltine species
would no doubt differ, most notably in the pro-
portion of eggs undergoing embryonic diapause.
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